Abstract E-cigarette use has increased rapidly over the past decade. There is growing concern about e-cigarette use and advertising given limited regulation of these products. This cross-sectional study reports on data collected at baseline from hospitalized cigarette smokers (N=944) recruited in monthly cohorts between December 2012 and September 2013. Participants were queried regarding e-cigarette awareness and use, and number and sources of e-cigarette advertisement exposures in the previous 6 months. Most Whites (99 %) reported ever hearing of an e-cigarette compared to 96 % of Blacks (p<0.001). Over two thirds (64 %) of Whites reported ever using an e-cigarette compared to 30 % of Blacks (p<0.001). There were significant trends in increasing ecigarette use for both racial groups with an average increase of 13 % each month (p<0.005) and in increasing e-cigarette advertisement exposure reported for the previous 6 months, with a 14 % increase each month (p<0.0001). Whites reported 56 % greater advertisement exposure than Blacks (mean=25 vs. 8 in month 1 to 79 vs. 45 in month 9, respectively; p < 0.0001). For Blacks, advertisement exposure was significantly associated with e-cigarette use (p < 0.001). Whites reported more advertisement exposure from stores and the Internet, and Blacks reported more advertisement exposure from radio or television. Results suggest that ecigarette marketing is beginning to breach the Black population who are, as a consequence, "catching up" with Whites with regard to e-cigarette use. Given the significant disparities for smoking-related morbidity and mortality between Blacks and Whites, these findings identify new areas for future research and policy.
Introduction
With the steep rise in electronic cigarette (e-cigarette) use in the present decade, concerns have risen regarding the public health implications of e-cigarette use and the impact of ecigarette advertising on e-cigarette uptake, especially among vulnerable populations including youth and racial minorities [1] . In 1971, tobacco advertising was banned from television and radio, allowing these media to be discounted as a source of influence on tobacco uptake. However, no such ban currently exists for e-cigarettes.
A study by the Legacy Foundation found tobacco and ecigarette advertisements on 72 % of monitored television and Internet outlets [2] . Twenty four of 180 of these were unique ecigarette advertisements. These advertisements included messages related to harm reduction, using e-cigarettes for smoking cessation, environmental issues, and use of e-cigarettes in nonsmoking areas. Duke et al. found that during the period of October 2012 to September 2013, half of 18-24 years old were exposed to an average of 35 e-cigarette advertisements [3] . Annual expenditures for e-cigarette advertisements nearly tripled from 2011 to 2012, increasing from $6.4 million to $18.3 million [4] . The goal of advertising is to inform an audience about a product and persuade the audience to try the product. Billions of dollars have been spent to advertise tobacco products with great success in increasing uptake, particularly among youth [5, 6] . Given the large expenditures for e-cigarette advertisements, it appears that e-cigarette manufacturers believe advertising influences e-cigarettes uptake; therefore, it is reasonable to assume that as exposure to advertising increases so will e-cigarette awareness and use.
Studies reporting on exposure to and sources of e-cigarette advertisements among adults appear to be lacking. A few studies have reported on awareness and use of e-cigarettes by race. Popova and Ling reported a similar prevalence of ecigarette use between Blacks and Whites, while Pearson et al. reported significantly more use among Whites compared to Blacks [7, 8] . Choi and Forster found that minorities (including Hispanics and Blacks) were less likely than Whites to believe that e-cigarettes could help people quit smoking tobacco cigarettes and that they are less harmful than tobacco cigarettes [9] . A 2012 assessment of e-cigarette availability at retail outlets in the USA found availability more likely in neighborhoods with higher median household income and a lower percentage of Black and Hispanic residents [10] . E-cigarette print advertising has been reported to be targeted to middle-aged White men with White men and women more likely to be featured in the advertisements compared to other racial groups [11] . Thus, the extant literature suggests a greater prevalence of e-cigarette availability and advertisements targeted for Whites as compared to Blacks, which may explain more use by Whites.
This study extends a preliminary report by Harrington, et al. [12] to include a larger sample and to examine racial differences between Blacks and Whites in e-cigarette awareness and use, and exposure to e-cigarette advertisements. We collected data steadily over 6 months and examined trends of e-cigarette awareness and use, and e-cigarette advertisement exposures over time for Blacks and Whites. While the studies on use by race reported above had inconsistent results, our data allow for a more nuanced evaluation of this issue by including advertisement exposure and a 6-month data collection time span. Tobacco-related health disparities are well documented as are differences in smoking patterns between Blacks and Whites [13, 14] . It is important to track e-cigarette use by race to determine if existing tobacco patterns carry over to this new tobacco product.
Methods
Sample Recruitment This cross-sectional study examines baseline data collected from hospitalized cigarette smokers who were recruited in monthly cohorts over 9 months.
Recruitment was based on the hospital's daily patient census and was very steady over time. Between December 2012 and September 2013, patients identified as current smokers were visited by staff providing brief smoking cessation advice. All patients who met study eligibility criteria were informed about and invited to participate in the study. Eligibility for the study included being a current tobacco cigarette smoker, English speaking, between the ages of 19 and 80, and admitted to the University of Alabama at Birmingham Hospital. Of the hospital's 43 patient care areas, participants were recruited from 27 areas. Patient care areas not included in study recruitment included maternity and palliative care units, and some intensive care and psychiatric units. Participants provided informed consent before baseline data were collected via bedside interview. The study was approved by the University of Alabama at Birmingham's Institutional Review Board.
Measures The measures used in the current study were developed by the investigators. To assess e-cigarette awareness and use, participants were asked the following questions: "Have you ever heard of an electronic cigarette, also called an ecigarette?" and "Have you ever used an electronic cigarette?" Response choices were "yes" or "no." Self-reported exposure to and source of e-cigarette advertisements were assessed by asking "How many advertisements about e-cigarettes have you seen, heard or read in the past 6 months?" and "Where did you encounter these ads?" Participants reported a numeric count of advertisements. For the source of advertisements, response choices were "yes" or "no" for seeing advertisements at stores, on the radio/TV, newspaper/magazine, Internet, or other location (allowed write in); participants could choose multiple sources. Desire to quit tobacco cigarette smoking was also assessed on a ten-point scale (1: no desire to quit to 10: full desire to quit). Participants who reported e-cigarette use were asked for their primary reason for use (help with quitting, less risky product long term, use in nonsmoking areas, or do not know) and flavor of e-cigarette (regular/nicotine, menthol, fruit/chocolate/wine, more than one kind). Information about frequency and amount of tobacco cigarette smoking was also collected. Demographic variables assessed included age, marital status (married/living with a domestic partner or single, which included never married, divorced, separated, or widowed), and educational attainment (less than a high school degree, high school degree/general equivalency diploma, more than a high school degree).
Analyses Proportions of e-cigarette awareness and use, and number and sources of advertisement exposures were computed by month for the 9 months to allow examination of trends across time during the baseline data collection. To evaluate a potential difference in the trends of e-cigarette use between Whites and Blacks over 9 months, logistic regression analysis was performed. The model was adjusted by age, gender, marital status, education, number of tobacco cigarettes smoked per day, desire to quit tobacco cigarette smoking, and race and recruiting month interaction. Poisson regression analysis evaluated the probability of observing a specific number of e-cigarette advertisement exposures to a given race and recruiting month interaction, age, gender, marital status, education, number of tobacco cigarettes smoked per day, and desire to quit tobacco cigarette smoking to determine if there was difference between Whites and Blacks at a given month and over months. To determine the adjusted association of number of reported e-cigarette advertisement exposures with e-cigarette use, e-cigarette use status was regressed on number of reported e-cigarette advertisement exposures with the aforementioned covariates. Fisher's exact test examined the bivariate association of race with source of advertisement exposure (stores, radio/television, newspaper/magazine, Internet, or other source). Chi-square tests and t-tests were used to examine racial differences in the demographic variables, reasons for e-cigarette use, desire to quit tobacco cigarette smoking, number of tobacco cigarettes smoked per day, number of the past 30 days tobacco cigarettes were smoked, and e-cigarette flavors used.
Results
A total of 979 participants were enrolled at baseline over nine monthly cohorts. Less than 20 % of those approached refused to participate. A majority (55.5 %) of participants were White while 41.9 % were Black. For this study, 944 participants who provided retrospective data at baseline and identified themselves as White or Black were included in analyses. Only Blacks and Whites were included because there was an insufficient number of other ethnicities enrolled in the study to draw meaningful conclusions. Further, the racial makeup of this study is representative of the area population. Table 1 displays descriptive characteristics of the sample by race. There were racial differences in education, with more Whites reporting post-high school education. Blacks were more likely to be single, were slightly older than Whites, and also had a greater desire to quit tobacco cigarette smoking. Whites smoked tobacco cigarettes more often during the previous 30 days and smoked more tobacco cigarettes per day compared to Blacks. Participants' primary and secondary diagnoses were obtained via medical records. For data analysis, diagnoses were grouped into 17 categories. Based on these 17 categories, the top three primary diagnoses were injury/ poisoning (19.8 %), diseases of the circulatory system (19.1 %), and diseases of the digestive system (12.0 %). Accounting for primary and secondary diagnoses, over 80 % of participants had a mental disorder history; 53 % had diseases of the circulatory system; and 52 % had endocrine, nutritional, or metabolic diseases.
Among those who reported e-cigarette use, a larger proportion of Blacks reported using e-cigarettes as a smoking cessation aid, while more Whites reported using e-cigarettes for use in nonsmoking areas. When asked about preferred flavor of ecigarettes, a higher proportion of Blacks reported using menthol flavor compared to Whites. As shown in Table 1 , a vast majority of both White and Black participants reported ever hearing about an e-cigarette in their baseline report. As Fig. 1 shows, more participants recruited at later months reported having heard about e-cigarettes than those recruited at earlier months, showing an overall upward trend over time.
Whites were 5.5 times more likely than Blacks to use ecigarettes (p<0.0001), after adjusting for age, gender, marital status, education, number of tobacco cigarettes smoked per day, and desire to quit tobacco cigarette smoking. Also, we observed a significant increasing trend in the e-cigarette use over time during the baseline data collection, with participants recruited at a later month being 13 % more likely to use ecigarettes compared to those recruited at a previous month (p=0.0046). There was no interaction between race and recruitment month related to e-cigarette use.
As Fig. 1 shows, the mean number of e-cigarette advertisement exposures reported by Whites ranged from 25 to 79 over the 9-month period, whereas the mean for Blacks ranged from 8 to 45. After adjusting for age, gender, marital status, education, number of tobacco cigarettes smoked per day, and desire to quit tobacco cigarette smoking, Whites' e-cigarette advertisement exposure was 33 % higher, on average, than Blacks' exposure (p<0.0001). Overall, an increasing trend was observed for the number of e-cigarette advertisement exposures reported for the previous 6 months, with an average 14 % increase each month of the 9-month period. There was a significant difference in the trends for the number of ecigarette advertisement exposures reported over time between Whites and Blacks. While the trends increased over time in both groups, the increasing rate was greater for Whites compared to Blacks (p<0.001).
After adjusting for age, gender, marital status, education, number of tobacco cigarettes smoked per day, and desire to quit tobacco cigarette smoking, there remained a significant interaction between race and advertisement exposure in predicting e-cigarette use: The association with e-cigarette use was significantly related to advertisement exposure for Blacks (p=0.006) but not for Whites (p=0.061). An increase of exposure to ten advertisements resulted in a 6 % increased likelihood of using an e-cigarette.
As Fig. 2 shows, there was a significant difference between Whites and Blacks for source of advertisement exposure, with radio/television and stores being the largest source of ad exposure for both groups. More Whites than Blacks reported encountering advertisements in stores (40 vs. 34 %) and the Internet (13 vs. 6 %). More Blacks than Whites reported exposure to advertisements on the radio or television (73 vs. 67 %). Exposure to newspaper or magazine advertisements did not differ between the racial groups.
There was no statistical association between desire to quit tobacco cigarette smoking and e-cigarette use for the entire group (p=0.34), or either race (Whites: p=.62; Blacks: p=0.75).
Discussion
Almost universal awareness of e-cigarettes was reported by both Black and White smokers hospitalized in an urban academic hospital in the southeastern USA. The proportion of smokers reporting e-cigarette use increased over 9 months of this study, with Whites reporting more use than Blacks. Moreover, the reported e-cigarette advertising exposures during the previous 6 months increased over the study period, with Whites reporting more advertising exposure than Blacks; however, only Blacks' increased exposure was associated with e-cigarette use. This study is the first to report on hospitalized smokers, who may be more likely to try e-cigarettes after experiencing health difficulties that required hospitalization, and a likelihood of having received smoking cessation advice as an inpatient.
We found much higher rates of awareness compared to studies of smokers and nonsmokers from the general population published just a few years ago [9, 15] . Our rates are similar to a recent report by Emery et al. who found almost universal e-cigarette awareness by US adults [16] . In our study, both Blacks and Whites were found to have increasing rates of e-cigarette use, which confirms reports of the growing market share enjoyed by e-cigarettes. Given the reported White smokers being targeted by e-cigarette advertising, it is not surprising that Whites reported double the use of ecigarettes compared to Blacks (63 vs. 30 %, respectively). This may also reflect the greater availability in neighborhoods with higher median incomes and fewer Blacks [10] . Published studies have been inconsistent in reports of the difference in prevalence of e-cigarette use between Whites and Blacks with Popova and Ling [8] reporting similar prevalence of ecigarette use among White and Black smokers (20.5 vs. 20.2 %) and Pearson et al. reporting difference in e-cigarette use between Whites and Blacks (7.4 vs. 0.8 %) [7] . The discrepancies may reflect differences in assessment time and sample used, and/or how data were collected, as e-cigarette use is a rapidly changing landscape.
We also found that exposure to e-cigarette advertisements is increasing with time. This finding is consistent with increasing availability (point of sale advertising) and television advertising of e-cigarettes. It is not surprising that Whites report greater exposure to advertising than Blacks as White males were the original target population for e-cigarette advertisements [11] . We were unable to identify previous studies of current smokers reporting exposure to and sources of ecigarette advertisements among adults. However, our findings are similar to those of Pepper et al. [17] , who asked about ways adults had "heard of" e-cigarettes. While the most frequent outlet was through another person, 31-40 % had heard of e-cigarettes through television and 12-28 % through the Internet. On the other hand, we found a much higher percentage overall who reported exposure to television or radio advertisements (up to 73 %). This difference could be attributable to differences in samples, as our study had current tobacco cigarette smokers who may have noticed more ecigarette advertisements due to their physical appearance often being cigarette-like.
Interestingly, although Whites demonstrated a higher level of advertisement exposure, advertisement exposure and ecigarette use were not significantly associated among Whites. Conversely, this relationship was found among Blacks. Although not the original target audience, it appears that advertisements are impacting the uptake of e-cigarettes by Black tobacco cigarette smokers. Perhaps this reflects advertising becoming more common in communities with a higher prevalence of Blacks, or the demographic target for recent advertisements has changed. The lack of association found for Whites may reflect a saturation effect, whereas Blacks may be entering the range of effective advertisement exposure frequency. Further, these associations are consistent with diffusion of innovation theory [18] , with White users having more characteristics of "early adopters," i.e., younger, more educated, having higher social status, having greater financial liquidity, and being more socially forward. Thus, Whites' uptake may have plateaued, while that for Blacks is still increasing, as suggested by the trend lines in Fig. 1 .
Whites and Blacks also encountered advertisements in different settings. More Blacks encountered advertisements on the radio or television while more Whites encountered advertisements on the Internet and in stores. This may reflect differences in neighborhood shopping environment [10] or the "digital divide," where more Whites have access to the Internet than Blacks [19] . In addition, Blacks p=0.0005 p=0.65 Fig. 2 Sources of e-cigarette advertisements over past 6 months, reported by Whites and Blacks have been found to watch more television than their White counterparts which may be why more Blacks report television/radio as the source of advertisements [20] .
These findings have several implications for public health research and practice. First, public health campaigns can assume their target audience will know what e-cigarettes are. Second, use appears to be high in both Blacks and Whites, suggesting that counter-advertising, if conducted, should target both populations. Third, exposure to advertising is increasing and may continue to impact uptake of e-cigarettes. Fourth, as Whites and Blacks reported e-cigarette advertisement exposures from different outlets, public health counter advertising campaigns can be tailored for the audience and the outlet. If ecigarette use is found hazardous to health, these findings suggest quick action for regulations banning ecigarette advertising as was done with cigarette advertising 40 years ago. Additional research examining ecigarette advertising exposure and use among Blacks would provide information on whether Blacks just lag behind Whites in their trajectories or if they are on a different path.
This study has several limitations. The findings here may be limited to hospitalized Black and White tobacco cigarette smokers in the southeast USA and may not be generalizable to other populations. E-cigarette use in this study was defined as ever using an e-cigarette. Therefore, the results may not apply to just recent or regular e-cigarette users. The data were selfreported and therefore are subject to reporting bias. The number of advertisement exposures relies on recall and so may be an unreliable measure; however, its use is consistent with other studies of cigarette advertising [17, 21, 22] . Social desirability of smoking behaviors may have contributed to under-reporting of smoking amounts in this study. Finally, as these data are cross-sectional, the causal relations between ecigarette advertisement exposure and e-cigarette use could not be determined.
In conclusion, findings from this study suggest that use of e-cigarettes and exposure to e-cigarette advertisements are increasing over time. Whites and Blacks are also encountering advertisements in different settings. More research is needed to evaluate the role of advertising, including racially targeted advertisements, in the uptake of e-cigarettes. Although White males were the original target population of e-cigarette advertising, it appears that Black smokers are currently more influenced by e-cigarette advertisements. It is possible that ecigarette marketing campaigns resemble cigarette marketing campaigns in that advertisements targeted other subpopulations as the majority population adopted use of the product. These are questions for future study. With little regulation of ecigarettes and advertising, more research is needed to support future regulations.
